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Introduction
Driven by deep convection currents, continental plates drift over the plastic asthenosphere at rates of few centimeters per year (Jagoutz et al., 2015) . Large scale plate reorganization plays first order controls on orogeny, changes in ocean-basin volume, basin evolution, climate and sea level and enforce topographic feedback as a continuum (Campanile et al., 2008) . Plate reconstruction theories and models of rifts/drifts often take into account intrinsic magmatic processes as the critical operator of continental drifts (Cande and Stegman, 2011; Müller, 2011; van Hinsbergen et al., 2011; Koptev et al., 2015) . And more frequently overlook the inherent nature of these events that always work on differential rates and at highly discontinuous periodicity (Müller, 2011) . The resultant surficial disequilibrium operates under the influences of a variety of factors and responds in distinct spatio-temporal scales. Little is known how rapid plate reorganization events that continue for long geological timescales can be highly varied, persistent and produce topographic feedbacks.
The tectono-geomorphic evolution of the Indian subcontinent commenced at w167 Ma following the breakup of Gondwana supercontinent. The subsequent drift represents exceptional journeys (w9000 km) of all the continents involving plate tectonic and landform diversification events (Chatterjee et al., 2013) . Soon after the basaltic eruption at the end of Cretaceous, India drifted northward at about 20 cm/yr; a rate exceptionally high (Chatterjee et al., 2013) as compared to present-day rate of w5 cm/yr. The driver of this early-Cenozoic acceleration still remains enigmatic.
Here we demonstrate the interplay between intrinsic and extrinsic sources as catalysts of anomalous rapid plate reorganization. Based on isostatic compensation, denudation and recurrent reactivation 1 2 3 4 5 6 7 8 9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55   56  57  58  59  60  61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99  100  101  102  103  104  105  106  107  108 of ProterozoiceCretaceous tectonic structures, and subcrustal dynamism, we establish geomorphic isostasy as the mechanism that initiated the faster drift of the Indian subcontinent in the aftermath of Deccan volcanism.
Geological setting
The Indian subcontinent is an assemblage of microcontinents that experienced extensive volcanism, plutonism, metamorphism, and sedimentation preserving structures (Fig. 1 ) inherited since early Proterozoic (Chatterjee et al., 2013; Collins et al., 2014) . A continuum of structural and resultant geological-geomorphic evolution of the Indian subcontinent is evident from the occurrences and/or alignments of Paleozoic, Mesozoic and Cenozoic sedimentary basins (Banerji, 1984) and escarpments, and plateaus ( Fig. 1 ) essentially along older faults/suture zones (Jayalakshmi et al., 2004; Biswas, 2005; Mishra and Kumar, 2005; Ramkumar et al., 2016) . Occurrences of Permo-Triassic and early Cretaceous deposits only in the downwarped grabens of Gondwana basins, extensive Cenozoic deposits offshore (Bastia and Radhakrishna, 2012; Chatterjee et al., 2013) and Neo-geneeHolocene deltaic deposits all along the east coast (Ramkumar, 2003; Campanile et al., 2008) , the absence of comparable deltaic sequences in the west coast (Kale, 2014; Kale and Vaidyanadhan, 2014) , the historic and ongoing seismicity either at or in the vicinity of paleo-sutures and structures (Radhakrishna, Figure 1 . Regional structural trends of the Peninsular India. This figure depicts the inheritance of structural trends from Proterozoic paleo-suture zones. These underwent reactivation during Permo-Triassic, late Jurassiceearly Cretaceous, upper Cretaceous, end Cretaceouseearly Cenozoic. Occurrences of ongoing seismicity, at or along boundary faults of sedimentary basins, deltaic systems, plateaus, escarpments, strandlines, waterfalls, knick points, terraces, etc., evidence tectonic continuum until recent (Ramkumar et al., 2016) . Owing to the connectivity between subcrustal causative mechanism and progressively weakened nature, these suture zones were the zones of reactivation repeatedly, during geologic-historic-recent times. It also evidences to the subcrustal origin for them and single mechanism e subcrustal erosion and periods of intensive mantle plume activity .  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66   67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99  100  101  102  103  104  105  106  107  108  109  110  111  112  113  114  115  116  117  118  119  120  121  122  123  124  125  126  127  128  129  130 GSF454_proof ■ 3 June 2016 ■ 2/9
Please cite this article in press as: Ramkumar Sharma and Rajamani, 2000a; Valdiya, 2001; Jayalakshmi et al., 2004; Roy, 2004; Biswas, 2005; Mishra and Kumar, 2005; Kale and Vaidyanadhan, 2014) and absence of significant Mesozoic deposits on land (Banerji, 1984; Ramkumar et al., 2013) suggest prevalent (Ramkumar et al., 2005 (Ramkumar et al., , 2013 Ramkumar, 2015) and ongoing tectonic dynamism (Jayalakshmi et al., 2004; Biswas, 2005; Mishra and Kumar, 2005) . Inheritance and tectonic continuum (Roy, 2004) of basement structures (Fig. 1) over climate, and landscape evolution of Peninsular India (Radhakrishna, 1993; Valdiya, 2001; Kale, 2014; Ramkumar et al., 2016) resulted in unique and diverse drainage patterns of major rivers (Valdiya, 2001; Kale, 2014) . While most rivers of the Peninsula follow a general easterly direction, the morphology of catchments indicates youthful character (Radhakrishna, 1993; Sharma and Rajamani, 2000b) and tectonically active nature (Radhakrishna, 1993; Sharma and Rajamani, 2000a,b; Valdiya, 2001; Ramkumar, 2003; Jayalakshmi et al., 2004; Biswas, 2005; Mishra and Kumar, 2005) . The west coast/ Western Continental Margin (WCM) is characterized by narrow (<60 km), rocky, crenulated and coastal cliffs and pocket beaches. The east coast/Eastern Continental Margin (ECM) is characterized by wide deltas built by major rivers that show trellis to dendritic stream patterns and follow major basement faults. These faults are associated with geologic-historic-recent seismic activity (Radhakrishna, 1993; Sharma and Rajamani, 2000a,b; Valdiya, 2001; Ramkumar, 2003; Raval and Veeraswamy, 2003a; Jayalakshmi et al., 2004; Roy, 2004; Biswas, 2005; Mishra and Kumar, 2005; Ramkumar et al., 2005 Ramkumar et al., , 2013 Campanile et al., 2008; Kale, 2014; Kale and Vaidyanadhan, 2014) . The western boundary of ECM sedimentary basins, delta heads, strandlines and active delta lobes are always limited by basement faults (Ramkumar, 2003 (Ramkumar, , 2015 and mobile belts (Jayalakshmi et al., 2004) . These faults and mobile belts have shown activity since Proterozoic (Roy, 2004) and more actively from the Gondwanan times (Banerji, 1984; Roy, 2004; Ramkumar et al., 2005 Ramkumar et al., , 2013 Ramkumar, 2015) .
When it was part of Gondwanaland, the Indian subcontinent rifted during the Permo-Triassic in the form of triple rift junctions (Banerji, 1984; Roy, 2004) along Precambrian paleo-suture zones (Roy, 2004) . During late Jurassiceearly Cretaceous, separation of Africa from Gondwanaland occurred (Chatterjee et al., 2013) , followed by the rifting of Antarctica-Australia from Greater India consisting of MadagascareSeychelles-India during Barremian (Roy, 2004; Bastia and Radhakrishna, 2012; Radhakrishna et al., 2012a) . Separation of Madagascar-Seychelles from Greater India occurred around 88e80 Ma (Chari et al., 1995; Gombos et al., 1995; Yoshida et al., 1999; Gunnell et al., 2003; Ramkumar et al., 2005; Chatterjee et al., 2013) and the WCM and WGE evolved ( Fig. 1) (Raval and Veeraswamy, 2003a,b; Subrahmanyam and Chand, 2006) .
The location of the highest peaks of the Western Ghats (Anaimudi: 2695 m ASL; Dota Petta: 2637 m ASL), exposures of Arch-aeneProterozoic deep crustal plutonic-metaigneous rocks, crustal thickness of only 29 km (Radhakrishna et al., , 2012a and absence of significantly thick regolith in the vicinity on a regional scale (Sharma and Rajamani, 2000a,b; Gunnell et al., 2003) along the southern part of the Indian peninsula, together with progressive increase of regolith over granitic and laterite over trap rocks (Radhakrishna, 1993; Valdiya, 2001; Kale, 2014; Kale and Vaidyanadhan, 2014) toward north indicate relatively higher quantum of denudation on the surface and subcrustal erosion underneath in the south.
Thus, despite few publications on geologic-historic-recent resurgence of basement structures, control of sedimentary basin structures, deltas, coastal margins and landscape evolution by these structures since initial rifting, topographic feedback of first order tectonic events, and the geotectonic evolutionary history of the Indian subcontinent, the knowledge on the cause(s) of faster flight experienced by the Indian plate during early Cenozoic remains enigmatic.
Material and methods
Initially, interpretation of remotely sensed data and generation of a thematic map of regional geomorphology with field checks was carried out. The thematic map was superposed by digital elevation model constructed from SRTM data. The resultant composite map was incorporated with regional structural features mapped in the field and compiled from previous publications of the authors and others. Data on seismic tomography, zero free air gravity and teleseismic residuals were compiled to construct solid-lithosphere thickness heterogeneity map of the Indian subcontinent. It was followed by enlisting of major tectonic and landscape evolution events and integration of published data on crustal thicknesses and causative mechanisms of crustal thickness heterogeneity. Based on these data and maps, idealistic models were developed and discussed in the context of stages, intensity, and timing of subcrustal plume activity and resultant tectonic-geomorphic feedbacks of the Indian subcontinent.
Results
The Indian shield comprises a number of ArcheaneProterozoic cratons. In comparison with the thicknesses of shield areas elsewhere (w250e300 km; Srinagesh, 2000; Raval and Veeraswamy, 2003b; Pandey, 2015) , thinnest nature of Indian crustal thickness (Fig. 2) is indicated by seismic tomography, zero free air gravity and teleseismic residuals data. Major part of the original lower crust was removed into the underlying thermally buoyant mantle due to subcrustal erosion during Proterozoic to early Tertiary (Raval and Veeraswamy, 2003b) and by surficial unroofing (Pandey, 2015) . Occurrence of 16 km thick mantle magma plume with an isotherm 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66   67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99  100  101  102  103  104  105  106  107  108  109  110  111  112  113  114  115  116  117  118  119  120  121  122  123  124  125  126  127  128  129  130 GSF454_proof ■ 3 June 2016 ■ 3/9
Please cite this article in press as: Ramkumar of w1300 C at shallow depth (w100 km) was reported signifying the continuity of plume activity (Raval and Veeraswamy, 2003b; Mishra and Kumar, 2005; Singh et al., 2015) until recent. Crustal thickness estimation from zero free air gravity anomaly showed isostatic under-compensation in the plateau regions, and negative values in the mobile belts (Rao, 2002) . The EGMB (Eastern Ghat Mobile Belt) region is characterized by high crustal velocity, dense crust, regional under-compensation and recurrent earthquakes (Rao, 2002) of >5.5 intensity. The velocity residuals computed through seismic tomography (Sen et al., 2009 ) indicate the occurrences of deep rooted crust in the order of 50e175 km in northcentral India, and isolated patches along the western and highly thinned nature in southern India (Fig. 2) . Crustal thicknesses of >50 km in central and restricted parts of western India (Radhakrishna and Mahadevan, 2000; Srinagesh, 2000; Rao, 2002; Subrahmanyam and Chand, 2006; Sen et al., 2009; Sharma et al., 2012; Singh et al., 2015) , <38 km in south, w30 km under the K-G Basin and 20e23 km at eastern extremity of ECM are reported. The basement below the Cauvery Basin has only a w3 km thick elastic lithosphere (Bastia and Radhakrishna, 2012) whereas the basement below the K-G basin has 30 km elastic lithosphere (Radhakrishna et al., , 2012a . Over 10,000 km of deep seismic profiles observed from more than 600 seismic stations showed a range of crustal thickness from 29 km at the southern tip of India to 88 km under the Himalayan collision zone (Singh et al., 2015) . Tectonic movements along preexistent shear zones ( Fig. 1 ) are evidenced by intraplate stress computations (Mandal, 1999; Mahesh et al., 2012) and the alignments of active seismic zones (Radhakrishna, 1993; Sharma and Rajamani, 2000a,b; Valdiya, 2001; Jayalakshmi et al., 2004; Roy, 2004; Biswas, 2005; Mishra and Kumar, 2005) . The Kerguelen, Crozet, Marion and Reunion plumes (Chatterjee et al., 2013) interacted with the Indian lithosphere (Raval and Veeraswamy, 2003b ) that led to large-scale shearing (Singh et al., 2015) , intraplate magmatism, magma underplating (Srinagesh, 2000; Sen et al., 2009) , and crustal physical stretching and thinning (Fig. 2) , essentially along the EGMB, ECM, WCM (Radhakrishna et al., , 2012b Bastia and Radhakrishna, 2012; Radhakrishna et al., 2012a,b) . In addition, it has newly created faults giving birth to newer sedimentary basins (Figs. 1 and 3) through structurally weakened pre-existent faults and shear zones (Raval and Veeraswamy, 2003b) . This facilitated reactivations during synrift, post rift and collisional phases and considerably reconstituted the Indian subcontinent (Raval and Veeraswamy, 2003b) . The ECM and east coast sedimentary basins formed in two stages: the first one in the region between Bengal Basin to north of Cauvery Basin resulted from initial rifting while the second in the region between the Cauvery Basin and the southern extremity of the Indian subcontinent resulted from rifting and shearing (Radhakrishna et al., , 2012b . Movement of intensive plume interaction with subcrustal lithosphere proceeded from NE (present-day) of Indian subcontinent toward south and proceeded along WCM (Sunil et al., 2010; Pandey et al., 2013 ) before outpouring of lava through Deccan volcanism (Hooper et al., 2010) . The subsidence curves developed for each of the subbasins of the Cauvery Basin (Chari et al., 1995) showed that the initial rifting commenced from cratonic interior, evidencing subcrustal plume activity and asthenosphere anisotropy (Srinagesh and Rai, 1996; Srinagesh, 2000; Singh et al., 2004 Singh et al., , 2015 Q 2
. Based on the sequences of tectonic, geomorphic and drift events, an idealistic model representing stages of tectono-thermal activity and resultant geological-geomorphic feedback was constructed and presented in Fig. 4 . The relatively faster drift of Indian plate in comparison with other plates (Opydyke and Wilkinson, 1998 ) is shown in the Fig. 5a . Apparent variations of drift rates (Lippert et al., 2014) of Indian plate subsequent to major plume activities and rifting phases are presented in Fig. 5b .
Discussion
The occurrence and orientation/alignment of the major sedimentary basins, deltaic systems, macrogeomorphic features such as plateaus, waterfalls, delta heads, and strandlines are all either delimited and/or aligned either on or along the major structural trends/sutures in the Peninsular India. Continued activism of these structures and sutures since Proterozoic and inception/termination of basin/delta formation, shifting of prime loci of deposition/ erosion concomitant or as a result of these activisms, continued seismicity along these structures are collectively suggestive of tectonism as the first order control over these basins, basinfills, and deltaic systems and also on their spatio-temporal distribution. Examination of these extrinsic processes and features in the light of intrinsic processes and features reveal the following.
The crustal thickness variations and subcrustal anisotropy as revealed by a variety of studies, methods and tools suggest a general increase of thickness from SeN in the peninsular region. This trend in itself is an indication of northerly tilt-uplift of the Indian Figure 3 . Schematic diagram of tectonic-climatic-sedimentation processes of east and west coasts of India. ① Initial failed rift along Narmada eSon rift, GR and MR (refer Fig. 1) during Permo-Triassic. These rifts along the Proterozoic structures formed the loci of continental and coastal marine deposits of Gondwana sequences. ② Upper Jurassic rifting occurred initially at the NE (Bengal Basin) and proceeded towards south, creating Mahanadi Basin and the Krishna-Godavari Basin. The basement in these basins is superposed and intruded by volcanic and igneous rocks respectively, followed by extensive intratrappean sedimentary rocks, suggestive of rifting as a result of subcrustal processes and well-differentiated nature of horsts and grabens. Occurrences of the structural trends that resulted due to this rifting either along and/or aligned parallel to preexistent Gondwana trends which in turn were inherited from Proterozoic structural trends (EGMB; refer Fig. 1 ), suggest continuum of subcrustal process. ③ Rifting and shearing during Barremian along the Proterozoic structural trends (EGMB; refer Fig. 1 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66   67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99  100  101  102  103  104  105  106  107  108  109  110  111  112  113  114  115  116  117  118  119  120  121  122  123  124  125  126  127  128  129  130 plate due to thrust and isostasy. The southerly thinning could have been due to topographic unroofing (surficial erosion by extrinsic processes) and subcrustal erosion by mantle plumes. As the topographic unroofing is relatively a slow process, and is under the control of tectonics and climate, it is presumed that sudden acceleration of plate movement could not have been affected by it and hence, the intrinsic process is examined. The initial rifting in the Gondwanaland, now recognized as failed rifts of NSL, GR, MR (Fig. 1) were the earliest evidences of subcrustal plumes induced crustal thinning and subsequent faulting events (Srinagesh, 2000; Sen et al., 2009; Bastia and Radhakrishna, 2012) . The late Jurassiceearly Cretaceous continental separation was indeed due to the Kerguelen plume activity (Singh et al., 2004) , followed by Crozet plume (Bastia and Radhakrishna, 2012; Radhakrishna et al., 2012b) activity both of which led to the formation of 85 E and 90 E ridges (Radhakrishna et al., 2012a) , extensive trap rocks over the Precambrian basement as well as intratrappeans in the Bengal and Mahanadi basins (Bastia and Radhakrishna, 2012) . Progressive intensification and movement of the plume toward south gave birth to the rifting and initiation of Cauvery Basin (Chari et al., 1995; Sunil et al., 2010; Pandey et al., 2013) . Further movement of plume (Marion) thereon along the west rifted Madagascar during Santo-nianeCampanian (Yoshida et al., 1999; Raval and Veeraswamy, 2003a; Bastia and Radhakrishna, 2012) . Finally, the Reunion plume activity during end-Cretaceous led to the Deccan volcanism (McLean, 1985; Hooper et al., 2010) . All these plumes, on ascendance, significantly depleted the subcrustal portions of Indian plate all along ECM and WCM, leaving central-northern part thicker and heavier, explaining the crustal thickness heterogeneities of the Indian plate (Figs. 3 and 4) . While subcrustal plume controlled geodynamics along the ECM, WCM, and other preexistent rifts stand confirmed, the immediate circumstances that triggered the sudden, accelerated drift of the Indian plate require evaluation.
The occurrence of lower part of the Indian lithosphere along the Main Frontal Thrust underneath the Himalaya (Bastia and Radhakrishna, 2012) and Tibet up to 31 N and a dense continental slab with higher density under Tibet might aid subduction of Indian plate under Eurasian Plate and also form a significant driving force for IndiaeAsia convergence (Lippert et al., 2014) . However, the slab pull is reinforced by the ridge-push from the spreading of the Central Indian Ridge and Carlsberg Ridge (Patriat and Achache, 1984; Cande and Stegman, 2011; van Hinsbergen et al., 2011) . The WGE, extending for about 1600 km all along the western margin, evolved during CenozoicePliestocene (Radhakrishna, 1993; Gunnell et al., 2003) , and the MioceneeRecent tectonic uplift in the Raan of Kutchchh (Gombos et al., 1995) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66   67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99  100  101  102  103  104  105  106  107  108  109  110  111  112  113  114  115  116  117  118  119  120  121  122  123  124  125  126  127  128  129  130 GSF454_proof ■ 3 June 2016 ■ 5/9 macrogeomorphic scale. Together with the structural trends and geological information, it can be surmised that the Indian subcontinent as a whole experiences thrust and tilt from south since rifting from Gondwanaland perhaps due to its continued northerly flight and rift and tilt towards NE from west since collision with Eurasia. Movement of plumehead initially along eastern margin from Bengal Basin until the Cauvery Basin, prevalence of rifting-shearing in the Cauvery Basin, followed by movement of the plumehead along the western margin has an analogy in the form of Tanzanian craton (Koptev et al., 2015) . Jagoutz et al. (2015) analytically calculated the forces related to slab buoyancy, lithostatic overburden, and viscous flow in the asthenosphere and derived the resultant changes on the subducting/drifting plate, including slab buoyancy, viscous pressure, viscous shear stress, frictional stress, and the pressure due to the overburden on the slab. It yielded a set of velocities for all the plates, a new set of velocities for each point on the slabs, and a new value for the total horizontal component of force acting on each of plate elements in the system. The numerical simulation attempted by these authors suggested the rise of the plumehead from a single mantle source and juxtaposition of magma-rich and magma-poor conditions of Tanzanian craton. We assume similar conditions for the Indian plate based on the younging nature of the rifting from NE of the ECM toward south Figs. 3 and 4) and fastest rate after Deccan Volcanism (T4).  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66   67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99  100  101  102  103  104  105  106  107  108  109  110  111  112  113  114  115  116  117  118  119  120  121  122  123  124  125  126  127  128  129  130 GSF454_proof ■ 3 June 2016 ■ 6/9 followed by WCM from south toward north, culminating at the Deccan volcanism. It is noteworthy to state that the quantum and intensity of volcanism and volcanic and volcanoclastics in the sedimentary basins along the East coast show a gradual decrease and become absent in the Cauvery Basin, which experienced initial rifting and later shearing, suggestive of prevalence of magma-rich conditions during the formation of Bengal Basin and magma-poor during the formation of Cauvery Basin. After a while, rejuvenation of the magmatic activity and channeling of the rising magma toward western continental margin might have been prevalent, causing rifting along the western margin culminating at the Deccan volcanism. Cande and Stegman (2011) suggested that the mantle plumes play an important part in the Earth's tectonics, yet it has been difficult to isolate the effect that plumes have on plate motions. Based on this premise, these authors have analyzed the plate motions of India and Africa and concluded that the plate motions involved in two apparently disparate events: the unusually rapid motion of India between 67 and 52 Ma and a contemporaneous, transitory slowing of Africa's motion, and showed that the events are coupled, with the common element being the position of the Indian and African plates relative to the location of the Reunion plume head. According to these authors, the synchronicity of these events suggests that they were both driven by the force of the Reunion plume head. The recognition of this plume force has substantial tectonic implications: the speed-up and slowdown of India, the possible cessation of convergence between Africa and Eurasia in the Paleocene epoch and the enigmatic bends of the fracture zones on the Southwest Indian Ridge can all be attributed to the Reunion plume. As premised by Koptev et al. (2015) , magma rising under craton experiencing far-field stress get channeled and is why one side of the craton experiences magma-rich conditions while the other side experience magma-poor conditions, explaining the progression of magmatic activity from Bengal Basin towards west coast of the Indian Plate. Cande and Stegman (2011) hypothesized that if a rising plume head impinges on the base of a tectonic plate long after supercontinent break-up and dispersal, its pushing force may result in a substantial transient acceleration or deceleration of plates. Müller (2011) opined that whether a plate adopts the speed depends on how the plume-push force balances out with other forces acting on the plate. Further, he was of the opinion that some recent studies suggest that the plate-driving forces that can be generated by mantle plumes are too modest to explain the acceleration of the Indian plate proposed by Cande and Stegman (2011) . In addition, the boost in speed seems to have lasted several million years longer than the surface eruptions triggered by the Réunion plume. Nevertheless, Müller (2011) concluded that the plume-push mechanism could explain many geophysical puzzles. Similarly, van Hinsbergen et al. (2011) also concluded that the plumeascendance and resultant plate motion could accelerate drift rates of continents at several cm/yr.
Passing of the Indian plate over the Reunion hotspot (McLean, 1985; Keller et al., 2008) during 68e64 Ma led to one of the largest, yet shortest continental flood basalt volcanic episodes of the Earth. On a geological scale, it is one of the sudden upheavals (Chenet et al., 2007) . Outpouring of >5000 m thick trap rocks in the offshore basins of west coast (McLean, 1985) , and present-day exposures with thickness of >3500 m (after enduring >55 Ma of denudation) over the continental basement rocks (Gunnell et al., 2003) forming vast plateaus (Kale, 2014; Kale and Vaidyanadhan, 2014) in the northwestern India, evidence the enormity of this episode. It is the most voluminous continental flood basaltic volcanic activity (McLean, 1985; Keller et al., 2009) as the areal extent of basaltic lava was 2.6 Â 10 6 km 2 , the volume (McLean, 1985) of the lava ejected was w1.2 million km 3 , and the CO 2 emitted into the atmosphere was w5 Â 10 17 mol. According to an estimate (Keller et al., 2008 (Keller et al., , 2009 , the entire event lasted only >4 Ma and another study has estimated only 0.53e1.36 Ma (Chenet et al., 2007) duration. Notwithstanding these differences, >80% of the flows were erupted during the last phase that lasted less than 0.8 Ma (Keller et al., 2008 (Keller et al., , 2009 ) during the regionally correlative C29R magnetic polarity zone (Keller et al., 2008) . It evidences the suddenness of this upheaval.
Withdrawal of such volumes of lava and gas from subcrustal regime and top loading of the lava material over northern part of Indian subcontinent that already had thicker (Fig. 3 ) and hence relatively heavier lithosphere than its southern counterpart, that was already under ridge-push (Patriat and Achache, 1984) towards north and uplift makes this event a sudden perturbation on a geological timescale, to which, no topographic and or subcrustal isostatic balance could have been established at the rate of occurrence of disequilibrium. We consider this as an isostatic instability caused by sudden (on a geological time scale) geomorphic evolution, a la, geomorphic isostasy. A rise of 1 km in the surface elevation was estimated to be required for every 6e8 km increase in crustal thickness (Lamb and Watts, 2010) , or 50e100 km decrease in the thickness of the lithospheric mantle to maintain isostatic equilibrium. The crustal thickness of Indian plate below the northern limit of Deccan volcanic province was estimated (Srinagesh and Rai, 1996; Srinagesh, 2000; Sharma et al., 2012) to be between 70 and >250 km. This thicker part, against the plumedepleted southern part that has on an average only a 2 km thick granitic-gneissic upper crust underlain by 24 km thick intermediate to mafic middle crust (Raval and Veeraswamy, 2003b ) (even if higher thickness as compared to that of present day is assumed, the thickness difference between depleted and trap rock top loaded northern part against plume-depleted southern part should have existed) tilted the Indian plate towards north, and rapidly as the solid crust was floating (Raval and Veeraswamy, 2003b ) over plastic, thermally stratified asthenosphere (Fig. 4) . In addition, the pressure-temperature related physical instability in the asthenosphere beneath the Indian plate aided the sudden tilt and or sliding toward north.
Thus, this sudden instability introduced to the Indian plate buoyed and accelerated the northerly drift which in turn was aided by the tilt from west and the ridge-push (Patriat and Achache, 1984) . As density contrast between the lithospheric mantle and underlying less dense asthenosphere plays an important role in the elevation of mountain belts, and isostatic compensation (Lamb and Watts, 2010) and mobility of the lithospheric crust, the acceleration of drift was initiated by this density difference, attenuated due to the outpouring of lava in the aftermath of end-Cretaceous volcanism. Enhanced fluidity and dècollement between the partially molten lithospheric crust of the Peninsula that was floating over the ascendant plume and the thermally-stratified asthenosphere (Fig. 4) utilized the inertia provided by the buoyant plate to drift toward north. Owing to the thermal stratification of plume and asthenosphere under the Indian plate (Srinagesh, 2000) the viscous layer acted as a lubricant between the solid lithosphere (that was being buoyed) and the plumehead-asthenosphere. Müller (2011) and van Hinsbergen et al. (2011) are of the opinion that the ascendance of plume itself might have contributed towards several cm/yr of drift. Collectively, the geomorphic isostatic imbalance following outpouring of lava from Deccan volcanism, and prevalence of heavier lithosphere over thermally stratified crust might have aggravated the situation and initiated the accelerated drift of the Indian plate, due to the trigger e the Deccan volcanism. From  Figs. 3, 4 and 5, it is also perceived that with the progressive shedding of microplates namely Madagascar and Seychelles from initial landmass separated from Gondwana (Greater India), the  1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66   67  68  69  70  71  72  73  74  75  76  77  78  79  80  81  82  83  84  85  86  87  88  89  90  91  92  93  94  95  96  97  98  99  100  101  102  103  104  105  106  107  108  109  110  111  112  113  114  115  116  117  118  119  120  121  122  123  124  125  126  127  128  129  130 GSF454_proof ■ 3 June 2016 ■ 7/9
Indian plate became lighter and the rate of drift also became faster. Coincidences of these extraordinary and favorable milieus explain the fastest flight of India since end-Cretaceous volcanism until collision during Eocene (Chatterjee et al., 2013) .
Conclusions
(1) A sequence of tectono-geomorphologic evolutionary events, commencing from Gondwana supercontinent is proposed. The Indian subcontinent was part of the Gondwana supercontinent and had inherited basement structures since Permo-Triassic. It was dismembered into microplates such as Madagascar and Seychelles and differentiated into various basins along ECM. (2) These separations and differentiations were essentially due to crustal thinning as a result of subcrustal plume erosion beneath the lithosphere. Owing to the subcrustal erosion, that proceeded from NE (present day) towards south and along the western margin, culminating with end-Cretaceous volcanism, the southern, western and eastern extremities became relatively thinner than the northern part of the Indian plate (Figs. 3 and 4).
(3) Extrusion of enormous quantities of basaltic lava within a short duration during end-Cretaceous initiated an extraordinary sequence of events, among which accelerated drift of Indian plate toward north was more dramatic and unique. Buoyed by the relatively thicker lithosphere in the northern part against plume-depleted southern-eastern-western parts with fluidized, partly molten lower crust floating over thermallystratified asthenosphere, the Indian plate started gliding toward north in order to isostatically compensate for the physical instability below that was exacerbated by extruded basaltic rocks as topographic top load. (4) The buoyant plate aided by the Carlsberg and Central Indian ridge-push and resultant uplift of southern India experienced tilt toward north and accelerated drift. The northern-eastern tilt-drift continued during collision and continues till recent, probably sustained by the sediment top loading by the Ganges-Brahmaputra, that accounts for more than 70 km thick sediment pile (Mikhailov and Dotsenko, 2007) in the NE part of the Indian subcontinent. (5) This sudden acceleration has wider implications in terms of modeling plate reorganization studies elsewhere. In addition, the acceleration has impacted many other processes-eventsfeatures such as overall development of the Indian plate, shortening of time duration between separation of Greater India from Gondwanaland and collision with Eurasia, rapid exhumation of Tethys Sea sediments than it could have occurred, structural style and evolutionary history of the Himalayas and associated evolution, demise and dispersal of oceanic and continental biota. (6) We conclude that plate reorganization and lithospheric top loading interact through complex, often inexplicable processes and feedbacks, and occur at highly variable spatio-temporal scales. As demonstrated by the schematic model and the variable rates of drift, the intrinsic process could be sudden and dramatic, and the extrinsic processes could be long lasting and at variable rates. Recognition and discrimination of these should be an integral part of any plate reorganization and topographic feedback modeling. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40   41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76  77  78 
